Introduction
A large amount of the waste fabrics is obtained in the apparel industries in cutting process. However, the industrial waste fabrics are discarded without recycling. Not only industrial waste but also used clothes are not effectively utilized, since the rate of recycle of total fabric ranges from 9 to 14 % in Japan. It is necessary to find new products using waste fabrics as a raw material, since market price of waste fabrics without any processing is too low to be recycled.
In our previous studies, bio-based polyurethane (PU) foams and PU composites filled with various kinds of biomass and inorganic materials have been investigated [1] [2] [3] [4] [5] [6] [7] [8] . Bio-based composites having characteristic functionalities have been in demand on the market, especially housing and civil construction, in recent years due to its biocompatible nature. In order to develop biobased PU's, we have extensively used lignin, since lignin is a by-product of pulp and paper industry. Sodium lignosulfonate (LS) is a polyelectrolyte obtained as a byproduct of sulfite pulping [9, 10] . LS is umphiphylic polymer and is easy to process due to its high reactivity, since LS consists of C3 − C6 hydrophobic basic structure with hydrophilic groups such as sulfonic, hydroxyl and carboxyl groups.
In this study, LS-based PU composites filled with the industrial waste fabrics are prepared in order to develop insulation board. When the above PU composites are used as insulation materials for housing, thermal diffusivity is considered to be an important factor. In this study, preparation and thermal diffusivity of LS-based composites filled with waste fabrics is investigated.
Experimental

Sample Preparation
Industrial waste fabrics were obtained from apparel industries. Sodium lignosulfonate (commercial name Vanilex HW) was provided by the Nihon Seishi Co. Ltd. According to the manufacturer's report, the samples were purified after partial desulfonation ; sulfonate group was 0.13 mol per C9-C3 and carboxyl group 0.26, alcoholic hydroxyl group 0.28 and phenolic hydroxyl group 0.42, respectively. Polyethylene glycol ( PEG ) having molecular weight of Mn 200 (PEG200) was commercially obtained from Daiichi Kogyo Seiyaku Co. Ltd. Polyphenyl polymethylene polydiisocyanate (MDI) was commercially obtained from BASF Inoac Co. Ltd.
LS was dissolved in PEG, LS-PEG (LSP) system was prepared. The above polyol system was mixed with industrial waste fabrics. The amount of industrial waste fabrics in polyol was varied at 60 (LSP 40%), 70 (LSP 30%), and 80% (LSP 20%), respectively. This premixture was reacted with MDI at room temperature. NCO/OH ratio of above system was 1.2. After the polyurethane Note derived from LSP (LSP-PU) became slight hard, put the LSP-PU in a stainless frame. LSP-PU was compressed under the pressure of 120 kg/cm 2 at 120 # for 1 hour.
Scanning electron microscopy (SEM)
In order to observe fracture surface of PU's, a JEOL Ltd. scanning electron microscope (SEM, JSM-35CF) equipped with a Polaroid camera was used. Fracture surface were coated with Au using a JEOL Ltd ion sputter (JFC-1100).
Thermal diffusivity measurement
Thickness of LSP-PU samples was measured using a caliper. A thickness of PU composite with PU composites with fabric 80%, LSP20% was 1.00 x 10 !4 m, fabric 70 %, LSP30% was 1.08 x 10 !4 m, and that LSP40% PU was 1.04 x 10 !4 m, respectively. After heater temperature reached 100 #, sample was placed on the surface of heater. Temperature of sample surface was measured as a function of time using a sensor. Heating time was varied from 0 to 7200 second. Fig. 1 shows conformation of devices measured thermal diffusivity in this study. Samples and devices were maintained in a standard room conditioned at 23 # and RH 65 % It is clearly seen that cellulose, wool and polyester fibers are identified. Colour of composites was dark brown reflecting the colour of lignin polyol. On this account, colour of each waste fabric does not markedly affect the colour of composites. Fig. 3 shows relationships between heating time and surface temperature. Surface temperature of PU composites increased with increasing heating time until 1800 seconds, especially a sharp rise was observed in a heating time from 0 to 900 seconds. And surface temperature reached the maximum temperature at heating time 1800 second. After exceeding the heating time 1800 second, surface temperature was maintained at constant temperature. The maximum temperature of PU composite with fabric 80 % LSP 20% was 64 #, fabric 70 % LSP 30 % was 66 #, and fabric 60 % LSP 40 % was 73 #, respectively.
Results and Discussion
Thermal diffusivity was calculated from diffusion equation assuming that diffusion occurs onedimensionally, size of its sample is infinitive, Ts = temperature of heater (#), T0 = initial temperature (#), x = thickness of sample (m), no heat of evolution occurs inside of sample [11, 12] . Then, the following equation is obtained (1) Boundary conditions are follows ; initial conditions T =T0 at t=0, where T =Ts at x=0, T =T0 at x=", T = surface temperature ("), t = heating time (sec) Equation (1) can be converted as follows,
Where erf(h) is error function and c1 and c2 are undetermined constant. From the initial and boundary conditions, c1=T0−Ts and c2=Ts were obtained. Thermal diffusivity (α) of PU samples was calculated using the following equation [11] 
Where . In this study, α was calculated directly using [14] . Therefore, this indicates that fiber wastes used as fillers show a reasonable insulation effect. In this note, the waste fabrics obtained from the apparel industries were utilized as a filler of PU composites. It was shown that the composites have a potential to use as an insulation material.
